2013 Connecticut Comprehensive Energy Strategy
Appendix A: Efficiency & Industry Sectors Strategy Analysis

INTRODUCTION

The efficiency and industry sector analysis estimatesseveral energy consumption scenarios and ther costs
and benefits to evaluate energy efficiency and fuel switching potential for the three major fuels (electricity,
natural gas, and oil) usedin Connecticut between 2012 and 2050.

This Appendix describesthe approach to calculating sector energy consumption scenarios, the approach
to identifying the ir costs and benefits, the main assumptions underpinning the analysis, and the key
outputs of the analysis.

PROJECTING BUILDINGS AND INDUSTRY ENERGY CONSUMPTION
The analysisprojects efficiency and industry sector energy consumption from 2012 to 2050 for electricity,
natural gas, and oil in the following four scenarios:

1 No efficiency programs d no efficiency program funding or associated energy savings
1 Baseefficiency 8 current levels of efficiency funding and energy savings,

1 Expanded efficiency & increased efficiency funding to capture all cost-effective energy savings
and

1 Fuel switching 6 expanded efficiency plus converting all oil use to natural gas and electric heat

pumps.

ANO EFFI CI ENCXMBKROSGRD ABASIEENGYd CENERGY SFORECA
Electricity

To define electricitycon sumpt i on in fino efficiency progheamalgst and fb:
took two steps (Figure A-1): (1) Define the total electricity consumption from 2012 i 2050 and (2) Split the

total electricity consumption by sector.

(1) Define the total electricity consumption from 2012 i 2050: The Connecticut 2012 Integrated Resource
Plan (IRP) provides projections for No efficiency programs and Base efficiency electricity consumption for
Connecticut through 2022. 1 Brattle Group, the author of the IRP, projec ted this consumption past the
2022 IRP time horizon to 2050 for the purpose of the Strategy.

(2) Split the total electricity consumption by sector. The combined electricity projections for both No
efficiency programs and Base efficiency scenarios are brokn down into projections for the energy
efficiency sector (residential and commercial buildings) and the industrial sector using data from the U.S.

Energy Information Administration (U.S. EIA) State Energy Data System (SEDS) for Connecticuand

1ConnecticutDepartmentofEnergyandEnvironmentalProtect ion, fi2012 I ntegrated Resour
Connecticut. o Available at http://www.ct.gov/deep/lib/deepl/
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data from 2012 U.S. EIA Annual Energy Outlook (AEO) forecasts for New England.2 The SEDS data
provides the electricity consumption for each sector (residential, commercial and industrial) in the year
2009. The share of electricity sales per sector from SEDS appliedo the total electricity consumption data
from the IRP determines the 2009 electricity consumption per sector in the No efficiency programs and
Base efficiency scenarios. Since the relative share of electricity consumption between efficiency and
industri al sectors is expected to change over time, sector growth ratesre neededto create a more
accurate split of electricity consumption between sectors for 2012/ 2050.

The sector growth rates used were from the U.S. EIA 2012 AEO forecast for the New England Region,

which runs from 20097120353 The annual growth rate in each sectords
to2035 is applied to Connect i ctodedelpsechBlérel @dctecityt r i ci ty con
consumption from 20127 2035. Sector electricity consumption from 2036 i 2050 is linearly extrapolated

from the 201271 2035 sector compound annual growth rates.

FIGURE A-1 : Electric ANo efficiency programso and fABase ef
forecast methodology

No Efficiency cT

Programs and Total CT consumption
. consumption by sector,

Base Efficiency 2036-2050

Source: IRP Source: EIA SEDS Source: EIA 2012 AED Source: Linear extrapolation

Natural Gas

Since there is not a Connecticut projection for natural gas use like thereis for electricity, projections for
both No efficiency programs and Base efficiency scenarioshad to be developed To develop the No
efficiency programs scenario, the 2009 Connecticut consumption from U.S. EIA Natural Gas Weekly is
used and split into sectors using 2009 U.S. EIA SEDS sector consumption It is projected to 2050 using

the same process detailed in the electricity section above(Figure A-2).

FIGURE A-2: Naturalgas @A No efficiency programso energy consumpt

. CT cT ()
No Efﬁmency Total CT consumption consumption consumption
Programs consumption by sector, by sector, by sector,
2009 2012-2035 2036-2050
Source: Matural Source: EIA SEDS Source: EIA 2012 AEQ Source: Linear extrapolation
Gas Weekly

To develop the Base efficiency scenario, the efficiency potential of current efficiency programs, as

identified in the Connecticut natural gas potential study, is subtracted from the N o efficiency programs

2U.s. Energy I nformation Administration State Energy Data Sy

http://www.eia.gov/forecasts/aeo/pdf/0383(2012).pdf.
3 .
Ibid.

‘us. Energy Information Administration, "Natural Gas Weekly Update." Available at
http://www.eia.gov/naturalgas/weekly/.

A-2


http://www.eia.gov/naturalgas/weekly/

2013 Connecticut Comprehensive Energy Strategy
Appendix A: Efficiency and Industry Sectors Strategy

scenario energy consumption forecast.> The current efficiency programs potential savings is 0.29% of the
No efficiency programs scenario annual natural gas consumption for the commercial and industrial
sectors® This percentage isapplied to all years of the forecast, assuming that savings beyond the teryear
forecast provided in the potential study will be achieved at the same rate. The natural gas potential study
does not cover the residential sector. The model therefore assume that the residential efficiency

potential of current efficiency programs, as a percentage of sales, is identical to the commercial and
industrial sectors.

FIGUREA-3: Natural gas fiBase efficiencyo energy consumpt.i

Ja £ Ld5E
efficiency
savings by
sactor
Source: Mo Efficiency Source: CT natural
Programs scenario gas potential study

Base Case CT consumption by

sector, 2012-2050

consumption
by sector,
2012-2050

Qil

Just like natural gas, Connecticut does not have a longterm projection for oil consumption in the

industrial , residential, and commercial sectors. The same approach that is discussed above for natural gas
is used to create the oil projection. The main difference being that consumption of motor gasoline and
industrial feed stocksis excluded from the U.S. EIA SEDS datasince the buildings and industrial model
analyzed efficiency and fuel switching opportunities for buildings and processes but not transportation .

All residential sector oil consumption is assumed to be for heating and is included in the model inputs.

There is currently no consistent oil efficiency program funding in Connecticut. Therefore, the Base
efficiency scenario oil forecastis the same as the No efficiency programs scenario.

AEXPANDED EFFBbBCERNBEBR®Y FORECAST

The Expanded efficiency scenario models the capture of all costeffective efficiency potential for each fuel.
The Connecticut electricity and natural gas potential studies are used todefine the cost-effective potential.
However, the natural gas potential study did not define the potential in residential buildings and there is
no state-level oil potential study. To accommodate these data gapshe Connecticut studieswere
supplemented with a recent Massachusetts residential natural gas potential study and aVermont oil

potential study.’,8

KEMA, "Connecticut Natural Gas Commercial and Industrial Energy-Ef f i ci ency Potenti al Study. 0o
http://energizect.com/sites/default/files/CTNGPotential090508FINAL.pdf.

KEMA, "Connecticut Natural Gas Commercial and Industrial Energy-Ef f i ci ency Pot #&.nAvdilable Study, 0
at http://energizect.com/sites/default/files/ICTNGPotential 090508FINAL.pdf.

GDS Associates, "Natural Gas Energy Efficiency Potential in Massachusetts." Available at http://www.ma-
eeac.org/docs/PAcites/GDS_Report.pdf.
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The sections below provide additional detail on the cost-effective efficiency potential for each fuel.

Electricity

The Connecticut electricity potential study calculates each sectord ®n-y e ar cumul ati ve fAprogra
achievabl e potential 0 ef f i cieffattivesenesgy efficiangysforthevieERpanddd def i n e ¢
efficiency scenario.® The ten-year cumulative efficiency potential (6,616 GWh for all sectors)is divided

equally into each year to determine an annual average efficiency potential for each sector (residential,

commercial, industrial). For each year beyond the ten-year efficiency potential study forecast, the

efficiency potential is held constant as a percent of the No efficiency programs scenario electricity

consumption. This assumes that technology development will replenish the energy savings potential at

the same pace itis captured.

For example, the Connecticut electricity potential study determined that the ten -year cumulative

efficiency potential for industry is 910 GWh. That cumulative savings divided into each year results in an
annual electricity savings potential of 91 GWh for each year between 2012 and 2022. That 91 GWh is 2.3%
of the No efficiency programs scenario industrial electricity consumption of 3,965 GWh. The electricity
savings potential from 20227 2050 is therefore 2.3% of consumption each year.

This analysis determined that the all cost-effective levels for electricity sales reductions per year are; 1.8%
for residential, 2.7% for commercial, and 2.3% for industry. It is important to remember thatt hese
percentages are the potential reductions from the No Efficiency programs scenario

To reach the all costeffective levels in this analysis for all three sectors, a program budget would need to

be set at $206 million, assuming a contribution level of 48% from program participants.

Natural Gas

The Connecticut natural gas potential study for the commercial and industrial sectors calculates each

sectorb®n-year cumul ative fAprogr am Qwhich defineshll cesteffaxtivee nt i al 0 s a
energy efficiency for the Expanded efficiency scenariol! The ten-year cumulative efficiency potential is

divided equally into each year to determine an annual average efficiency potential for each sector. For

each year beyond the tenyear efficiency potential study forecast, the efficiency potential across

commercial buildings and industry is held constant as 1.8% percent of the No efficiency programs

scenario natural gas consumption. This assumes that technology development will replenish the energy

savings potential at the same pace it is captured.

8 GDS Associates, "Vermont Energy Efficiency Potential Study for Oil, Propane, Kerosene and Wood Fuels.”
Available at http://publicservice.vermont.gov/pub/other/allfuelstudyfinalreport.pdf.

® KEMA, Electric Efficiency Study. Available at

http://energizect.com/sites/default/files/CTElectricEEReport05032010FinalKEMAf2.doc.

10 5,953,454 Dth for Commercial, 1,359,303 Dth for Industry.

' KEMA, "Connecticut Natural Gas Commercial and Industrial Energy-Ef f i ci ency Potenti al Study. 0
http://energizect.com/sites/default/files/CTNGPotential090508FINAL.pdf.
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For example, the Connecticut natural gas potential study determined that the ten -year cumulative
efficiency potential for commercial is 5,953,454 Dth (Decatherm). That cumulative savings divided into
each year results in an annual natural gas savings potential of 595,345Dth for each year between 2012
and 2022. The 595,345 Dth is 2.0% of the No efficiency programs scenario industrial natural gas
consumption of 29,452,160 Dth. The commercial natural gas savings potential from 20227 2050 is

therefore 2.0% of consumption eachyear.

Connecticut does not have a recent natural gas efficiency potential forecast for the residential sector, so a

recent Massachusetts residential efficiency potential
natural gas savings potential’2 Thi s study was chosen because Massachuset
housing stock and applications for natural gasuseiss i mi | ar t o Cuthemmome,tt ie@uaitalies .

efficiency technologies, their cost, and the cost of natural gas will largely be thesame across the New

England region, meaning that the assumptions underpinning the Massachusetts study will apply to

Connecticut. Using the Massachusetts analysis a potential savings of 2.6% natural gas savingswas

identi fied f dheresidential ectar. iThiswedtidate for all cost-effective residential savingsis

multiplied by Connecticut 6 annual residential natural gas consumption in the No efficiency programs

scenario to determine the natural gas savings potential in each year t02050.

This analysis determined that the all cost-effective savings levels for natural gas sales are 2.6% for

residential, 2.0% for commercial, and 1.1% for industry.

To reach the all costeffective levelsin this analysis for all three sectors, a program budget would need to

be set at$75 million , assuming a contribution level of 48% from program participants.

Qil

There are currently no existing oil efficiency potential studies for Connecticut, so a recent Vermont oil

efficiency potential studyisused’®* Thi s study was chosen because Ver mont 0s
stock and applications for oil use arelikely s i mi | ar t o Gloreonee thé available éfficiency

technologies, their cost, and the cost of oil will largely be the same acros the New England region,

meaning that the assumptions underpinning the Vermont study will apply to Connecticut. However, the

2007 study used fuel price forecasts starting at $7i 12 perMMBTU , depending on the type of petroleum,

which are much lower than those seen in 2012. As a result, fewer efficiency measures were coffective

than would be found today, making the potential savings modeled conservative.

12 GDS Associates, "Natural Gas Energy Efficiency Potential in Massachusetts." Available at http://www.ma-
eeac.org/docs/PAcites/GDS_Report.pdf.

13 GDS Associates, "Vermont Energy Efficiency Potential Study for Oil, Propane, Kerosene and Wood Fuels."
Available at http://publicservice.vermont.gov/pub/other/allfuelstudyfinalreport.pdf.
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The Vermont oil efficiency potential is converted to a percent of sales for each secto#4. That percent is

multiplied by the Connecticut annual oil consumption by sector in the No efficiency programs scenario to

determine the oil savings potential in each year to 2050. Thisanalysisd et er mi ned t hat Connect
cost-effective levels for oil sales reductions would be; 1.0% for residential, 2.4% for commercial, 1.0% for

industrial.

Given these reduction goals, a program budget would need to be set at $46 million, assuming a 48%

contribution level from program participants.

ASSESSING THE IMPACTS OF FUEL SWITCHING

An additional model scenario analyzes the impact of afuel switching strategy. This scenario is based on
selecting the most cost-effective available heating options and scaling investment in these options from
20127 2050.

Identifying Cost-Effective Heating Options

The levelized capital and operating costs (per million BTU of heat delivered) are calculatedto evaluate the
costs of different heating options. The analysis compared oil furnaces to natural gas furnaces, ground
source and air saurce heat pumps, electric resistance heating, and biodieselfueled oil furnaces. The
equipment capital costs, lifetime, and efficiency assumptions usedare from the technology forecasts in the
u. S. E | A dhke add&d@apital cost of natural gas distribution expansion to serve new natural gas
customers comes fromthe Connecticut Department of Economic and Community Development (DECD).16
The operating cost of each heating systems is based upon the U.S. EIA AEO reference case fuel prices
forecast by secta for New England.

The analysis showed that severalcost-effective options exist to replace oil. Using the most cost-effective
technologies, a fuel switching scenario is developedthat replaces all oil use by 2050 with natural gas (the

most cost-effective option) and electrically powered ground source heat pumps (the next most cost

effective option). Switching to natural gas requires extending the natural gas distribution system , so data

fromthe St at eds natur al g as | oisusddto define the nurbbertof costomersahatp ani e s
were within a reasonable distance of natural gas and could be considereccost-effective for switching. It is

not feasible or cost-effective to extend the natural gas distribution system to all oil customers, and since

ground source heat pumps are still less costlythan oil, they replace the remainder of oil use in the

14 Navigant Consulting, "EIA-Technology Forecast Updates-Residential and Commercial Building Technologies."
Available at http://wpui.wisc.edu/news/EIA%20Posts/EIA%20Reference%20Case%2009-
2007%20Second%20Edition%20Final.pdf.

15 Navigant Consulting, "EIA-Technology Forecast Updates-Residential and Commercial Building Technologies."
Available at http://wpui.wisc.edu/news/EIA%20Posts/EIA%20Reference%20Case%2009-
2007%20Second%20Edition%20Final.pdf.

18 Connecticut Department of Economic and Community Development. The Economic Impact of Expanding Natural
Gas Use in Connecticut. By Stanley McMillen and Nandika Prakash. Hartford, CT, 2011. Available at
http://www.ct.gov/deepl/lib/deep/energy/decd_nat_gas.pdf
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scenario. The adoption of these two technologiesis scaled upusing customer penetration levels discussed

below to show total fuel switching fro m 20127 2050.

Scaling Investment in Cost-Effective Heating Options

The model is currently constructed to apply a top-down fuel switching percentage equally across all years
of the forecast (Table A-1). Pre-defined percentages of switching oil to natural gas replicate the natural
gas expansion proposal currently being considered and will cause the model to stop switching from oil to
natural gas after 2022, the end year of the natural gas proposal. The model is constructed to switch the
remaining oil consum ption after the natural gas expansion to electricity (in the form of ground source
heat pumps) so that oil consumption for heating is reduced to zero in 2050. If the fuel switching in any
year reducesoil use to zero in a sector, the model will not attempt to switch fuel in the remaining years of
the forecast, so oil use cannot go negative.

TABLE A-1: Fuel switching scenario inputs

Natural Gas Ground Source Heat Pumps
(Electricity)
Annual fuel End date for Annual fuel End date for
switched switching switched switching
Residential 2.5% 1.0%
Commercial 7.5% 2022 0.0% 2050
Industrial 4.7% 1.2%

Source: RMI Vision Model Analysis.

The model is constructed to calculate fuel switching changes before calculating efficiency savings in each
year. This structure accounts for the fact that a switch away from oil will reduce potential oil efficiency
savings in future years while at the same time increase the electricity and naural gas efficiency potential.
Because the total resource cost of effiency is calculated on a dollar per MMBTU saved basis, shifts in the
potential between natural gas and oil will also shift the efficiency budgets for each fuel (raising natural gas

budgets at the expense of oil).

The fuel switching calculation itself also takes into account the varying efficiencies of the different heating
technologies. The model assumes an existing oil furnace efficiency of 80% across all sectors. When

converting oil to natural gas for instance, the model calculates the heating work performed by the existing
furnace (80% of the total fuel use), and then calculates how much natural gas would be needed to provide
that same work through a new 93% efficient gas furnace. Similarly the model uses an average coefficient

of performance (COP) of 4.2 for ground source heat pumps when conwerting from oil to electricity. 17

1 Navigant Consulting, "EIA-Technology Forecast Updates-Residential and Commercial Building Technologies."
Available at http://wpui.wisc.edu/news/EIA%20Posts/EIA%20Reference%20Case%2009-
2007%20Second%20Edition%20Final.pdf.
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For example, if a residential customer uses 100 million BTUs per year of oil to heat their home, then their
80% efficient oil furnace is delivering 80 million BTUs of heat. To provide that same 80 million BTUs of
heat, a 93% efficient natural gas furnace would need 86 million BTUs of natural gas while a ground source
electric heat pump with a COP of 4.2 would need 19 million BTUs of electricity per year.

IDENTIFYING THE COSTS AND BENEFITS

Capital costs and energy cost savings benefits are calculated for the Expanded efficiency and Fuel
switching scenarios in each sector for each fuel type The Strategy calculates all costs and benefits in real
2012 dollars and uses a 5% real discount rate fotaking future years back to a 2012 present value. The
Strategy uses a 5% discount rate to reflect the publicprivate relationship of many of the investment
choices in the State of Connecticut. For costbenefit analysis, the federal Office of Managementand
Budget (OMB) recommends using discount rates of 7% for private investment and 3% for public
investment with social benefits, 18 and the 5% discount rate is an appropriate midpoint. Past Connecticut
efficiency potential studies have also used around a 5% discount to account for a combination of utility
and customer discount rates.

CAPITAL COSTS

Expanded Efficiency

The capital costs for the Expanded efficiency scenario for electricity are sourced from the 2012 IRP for
Connecticut.?® The IRP tabulates total participant and program costs for the Expanded efficiency scenario
from 20127 2022. The total sector capital costs were dividedby the total sector potential electricity
savings over this time period to calculate a capital cost in dollars per million BTU of energy saved in each
sector. That dollar per million BTU of energy saved value is then multiplied by the annual electricity

savings to calculate the capital cost for efficiency in each year of the forecast.

Commercial and industrial sector capital costs for the Expanded efficiency scenario for natural gas are

provided in the Connecticut natural gas potential study, and were infla ted to real 2012 dollars.2° These

sector capital costs are divided by the sector potential savings to calculate a capital cost in dollars per

million BTU of energy saved. The residential sectorisn ot i ncl uded in Connecticutobs |
the Massachusetts residential efficiency potential study used in its place doesnot provide capital cost

estimates for natural gas efficiency. The residential natural gas efficiency capital costs are assumed to be

the same as the commercial and industrial sectoron a dollar per million BTU of energy saved basis. To

calculate the total annual capital cost, the capital cost per million BTU of energy saved is multiplied by the

new efficiency that is implemented in each year of the Expanded efficiency scenario from2012i 2050.

18 u.s. Office of Management and Budget, Guidelines and Discount Rates.

“Connecticut Department of Energy and Environment al Protecti
Connecticut,o p. 37. Avail able at http://www.ct.gov/deep/ |
2 KEMA, "Connecticut Natural Gas Commercial and Industrial Energy-Ef f i ci ency Potenti al Study. o

http://energizect.com/sites/default/files/CTNGPotential090508FINAL.pdf.
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Capital costs for the Expanded efficiency scenario for oil are provided in the Vermont oil efficiency
potential study, and were inflated to real 2012 dollars. 2! The sector capital costs are divided by the
potential sector oil savings to calculate a capital cost in dollars per million BTU of energy saved in each
sector. That dollar per million BTU of energy saved value is then multiplied by the annual oil savings to
calculate the capital cost for efficiency in each year of the forecast.

Fuel Switching

The natural gas capital costs for the Fuel switching scenario are based upon the total cost of the proposed
natural gas expansion as provided by DECD?2 The total cost per sector is divided by the proposed volume
of new natural gas used to determinea cost per million BTU of natural gas expansion. This cost per

million BTU of new natural gas is then multiplied by the annual new natural gas switched to determine

annual capital costs.

The Fuel switching scenario capital costs for ground source heat pumps is based upon the U.S. EIA AEO23
The equipment capital cost needed to serve the average residential, commercial and industrial heating
load is divided by the annual heating load per customer in each sector to determine a capital cost per
million BTU of fuel switched. That capital cost per million BTU of fuel switched is multiplied by the

annual increase in electricity consumption that comes from switching from oil heat to determine the

ground source heat pump capital cost in each year.

Combined Heat and Power (CHP)

The capital cost of a new combined heat and power unit is based upon a typical reciprocating engine
system from the U.S. Environmental Protection Agency 6 s O()EHP fechnology catalog?* The capital
costs per kW are multiplied by the annual installed CHP capacity over the forecast period, which is 10,000
KW per year to 2031.

BENEFITS
Expanded Efficiency

The electricity benefits from the Expanded efficiency scenario are based on the cumulative electricity
savings in each year. The cumulative electricity savings in each year is multiplied by the projected annual
electricity price from the U.S. EIA 2012 AEO New England reference casefuel price forecast for each
sector. Cumulative efficiency savings are used because an efficiency measure continues to save with each
passing year. For example, total savings in year 5 is the sum of incremental savings from efficiency

%L GDS Associates, "Vermont Energy Efficiency Potential Study for Oil, Propane, Kerosene and Wood Fuels." p. 14.
Available at http://publicservice.vermont.gov/pub/other/allfuelstudyfinalreport.pdf.

22 Connecticut Department of Economic and Community Development. The Economic Impact of Expanding Natural
Gas Use in Connecticut. By Stanley McMillen and Nandika Prakash. Hartford, CT, 2011. Available at
http://www.ct.gov/deepl/lib/deep/energy/decd_nat_gas.pdf

z Navigant Consulting, "EIA-Technology Forecast Updates-Residential and Commercial Building Technologies."
Available at http://wpui.wisc.edu/news/EIA%20Posts/EIA%20Reference%20Case%2009-
2007%20Second%20Edition%20Final.pdf.

2 Energy and Environmental Analysis, Introduction to CHP Technologies.
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measures installed in years I 4. When the efficiency measure reaches the end of its useful life, it is
assumed that it will be replaced either with equipment that performs with similar efficiency or with an
incrementally more efficient option. The cost of the like-for-like replacement is not counted as an
additional capital cost because it is assumed that codes and standards and/or market forces will make the
once efficient technology the baseline or required option. The capital cost and benefits of the subseqent
replacement with an incrementally mor e ukatforfsiofcdasts nt

and benefits.

For example, if a new 92% efficient residential furnace is installed in 2012, the capital cost in that year is
calculated along with the value of the energy savings each year over the twenty year life of the equipment.
When that furnace must be replaced in 2032, it is assumed that a 92% efficient furnace is required by
code or has become the default choice in the marketplace. If the firnace replacement in 2032 is with a
similar 92% efficient unit, the capital costs are not counted in the model. If that furnace replacement in
2032 is with a 95% efficient unit, then the capital costs and the value of the cumulative energy savings
would be tallied inthe mo d e | 6-lsenetit aralysis.

Because investments in efficiency incur costs only in the first year and provide benefits for each year of
the measure life, the model calculates benefits over the lifetime of the investment when determining
cumulative benefits for a given time period. This means that when calculating Expanded efficiency
scenario electricity cumulative benefits to 2022 for instance, the model calculates the annual cumulative
benefits for each year to 2022 and then calculatesthe cumulative benefits for each year of the remaining

life of the measures past 2022 (Figure A-4).

A-10
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FIGURE A-4: Annual cash flows for Expanded efficiency scenario electricity investments, 2012 to
2022
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Source: RMI Vision Model Analysis.

The methodology used to calculatethe natural gas and oil benefits in the Expanded efficiency scenariois
to the same asthe method used to calculate electricity benefits.

Fuel Switching

The Fuel switching scenario benefits are calculated using the samemethodology as the Expanded
efficiency scenario (i.e., cumulative fuel savings in each year is multiplied by fuel price in that year). The
fuel savings are catulated by taking the value of oil saved minus the cost of additional natural gas and
electricity consumption. The benefits are calculated over the 20 year lifetime of a ground source heat

pump and natural gas furnace.

Combined Heat and Power (CHP)

The benefits from additional CHP capacity are calculated from the electricity cost savings minus the
added natural gas costs needed to run the CHP unit. The electricity cost savings are based upon reduced
electricity purchases, equal to the CHP system generation, valuedat the current average industrial
electricity rate.?> The model uses values 6r system operating hours, power to heat ratio, heat rate, and

boiler efficiency from E P A GHP technology catalog?¢

% 15 cents per kKWh.

% U.S. Environmental Protection Agency. Combined Heat and Power Partnership, "Catalog of CHP Technologies."
Available at http://www.epa.gov/chp/documents/catalog_chptech.
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KEY ASSUMPTIONS

Efficiency potential : the efficiency potential is assumed toremain constant as a percent of sales across the

entire forecast period. This assumes that technology development replenishes the efficiency potential at
the same rate it is being captured. The Expanded efficiency scenario levels of energy savings result in
declining consumption of all fuels. This means that whil e the efficiency potential as a percent of sales
remains constant, the absolute quantity of efficiency potential declines from year to year. Itis uncertain if
this assumption will hold true as Connecticut, and other states, ramp up to high and sustained levels of
efficiency savings. This core assumption should be revisited and reevaluated in future energy strategies.

Capital costs: the investment cost for efficiency is assumed to remain unchanged across the forecast
period on a dollar per million BTU b asis. The accuracy of this assumption is impacted by two
countervailing forces. As costeffective efficiency potential is captured, new technologies and approaches
will be needed to reload the efficiency potential. It is likely that these new technologies or approaches are
more expensive, putting upward pressure on the capital costs of efficiency. At the same time, new
programmatic approaches and strategies to capture energy savings, such as behavior modification, will
emerge that could offer cost savings. The balance of these two forces will determine if capital costs per
million BTU of energy saved increase or decrease in future years.

Connecticut sector energy consumption growth rates and fuel prices. the New England sector growth rates

and fuel pricesare assumed toe q u a | to Connecticutods.

Lifetime of efficiency measures and heating equipment remain constant: the average lifetime for efficiency
measures and heating equipmentis assumed toremain constant over the forecast period. The average
lifetime of heating equipment is dependent on the construction and durability of each type of heating
equipment, and is assumedto remain fairly constant. The average lifetime of efficiency measures depends
on the type and mix of efficiency measures installed in the state. So, for instance, as the portfolio of
electric efficiency measures switches away from lighting which has relatively short lifetimes to HVAC
which has longer lifetimes, the average lifetime of efficiency measures may rise.

A-12



2013 Connecticut Comprehensive Energy Strategy
Appendix A: Efficiency and Industry Sectors Strategy

DATA TABLES

ENERGY CONSUMPTION

NO EFFICIENCY PROGRAMS SCENARIO
PRIMARY ENERGY BY FUEL TYPE AND SECTOR
Trillion BTU | 2012 | 2017 | 2022 | 2027 | 2032 | 2037 | 2042 | 2047 | 2050

Residential 131 | 133 | 146 | 154 | 165 | 173 | 181 | 189 | 193

Electricity Commercial 138 149 169 183 | 204 | 219 | 239 259 271
Total Buildings 269 | 282 | 315 | 338 | 369 | 392 | 419 | 447 | 465
Industry 38 43 46 44 42 40 39 39 39
Residential 52 50 50 49 48 46 45 44 43

Natural Gas Commercial 45 46 47 49 50 52 53 55 56
Total Buildings 97 97 97 97 98 98 99 99 100
Industry 27 29 31 31 33 35 37 39 40
Residential 82 75 71 68 65 62 58 54 52

oil Commercial 16 15 14 14 14 13 13 13 13
Total Buildings 98 90 85 82 79 75 71 67 65
Industry 3 4 4 4 4 4 4 4 4

Source: RMI Vision Model Analysis.
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BASE EFFICIENCY SCENARIO
PRIMARY ENERGY BY FUEL TYPE AND SECTOR
Trillion BTU | 2012 | 2017 | 2022 | 2027 | 2032 | 2037 | 2042 | 2047 | 2050

Residential 131 | 128 | 137 | 141 | 148 | 152 | 156 | 160 | 163

Electricity Commercial 138 | 143 | 158 | 168 | 182 | 193 | 206 | 220 | 229
Total Buildings 269 | 271 | 295 | 308 | 330 | 344 | 362 | 380 | 392
Industry 38 41 43 40 38 35 34 33 33
Residential 52 49 48 46 45 43 41 39 38

Natural Gas Commercial 44 46 46 47 47 48 49 50 51
Total Buildings 97 95 94 93 92 91 90 89 89
Industry 26 29 30 30 31 32 34 35 36
Residential 82 75 71 68 65 62 58 54 52

oil Commercial 16 15 14 14 14 13 13 13 13
Total Buildings 98 90 85 82 79 75 71 67 65
Industry 3 4 4 4 4 4 4 4 4

Source: RMI Vision Model Analysis.
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EXPANDED EFFICIENCY SCENARIO
PRIMARY ENERGY BY FUEL TYPE AND SECTOR
Trillion BTU | 2012 | 2017 | 2022 | 2027 | 2032 | 2037 | 2042 | 2047 | 2050

Residential 129 | 121 | 123 | 120 | 121 | 118 | 116 | 113 | 112

Electricity Commercial 135 | 129 | 133 | 130 | 133 | 130 | 132 | 134 | 135
Total Buildings 264 | 250 | 256 | 250 | 254 | 248 | 247 | 247 | 248
Industry 38 38 37 31 25 20 18 16 14
Residential 51 42 35 29 25 20 17 14 12

Natural Gas Commercial 44 41 38 35 33 31 30 29 28
Total Buildings 95 83 72 65 58 52 47 42 40
Industry 26 28 28 26 26 27 27 28 28
Residential 81 70 62 55 50 44 38 33 30

oil Commercial 15 12 10 9 7 6 5 4 4
Total Buildings 97 82 72 64 57 51 44 37 34
Industry 3 3 3 3 3 3 3 3 2

Source: RMI Vision Model Analysis.
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FUEL SWITCHING SCENARIO
PRIMARY ENERGY BY FUEL TYPE AND SECTOR
Trillion BTU | 2012 | 2017 | 2022 | 2027 | 2032 | 2037 | 2042 | 2047 | 2050

Residential 129 | 121 | 123 | 120 | 121 | 118 | 116 | 113 | 112

Electricity Commercial 135 | 129 | 133 | 130 | 133 | 130 | 132 | 134 | 135
Total Buildings 264 | 250 | 256 | 250 | 254 | 248 | 247 | 247 | 248
Industry 38 38 37 31 26 21 18 16 15
Residential 51 50 50 43 36 31 26 22 19

Natural Gas Commercial 44 45 45 42 40 37 35 33 32
Total Buildings 95 96 95 85 76 68 61 55 52
Industry 26 28 29 28 28 28 28 29 29
Residential 81 61 44 39 34 29 24 19 17

oil Commercial 15 7 1 0 0 0 0 0 0
Total Buildings 97 68 45 39 34 29 24 19 17
Industry 3 2 1 1 1 0 0 0 0

Source: RMI Vision Model Analysis.
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ANNUAL COSTS AND BENEFITS

EXPANDED EFFICIENCY SCENARIO
TOTAL RESOURCE CAPITAL COST - EFFICIENCY
Million $2012 | 2012 2017 2022 2027 2032 2037 2042 2047 2050

Residential $135 $137 | $129 $134 | $133 $132 | $129 $126 $124

Electricity Commercial $212 | $215 | $202 | $222 | $223 | $223 | $224 | $227 | $229
Total Buildings $347 | $353 | $331 | $357 | $355 | $354 | $353 | $353 | $353
Industry $55 $56 $53 $46 $38 $30 $27 $23 $21
Residential $76 $76 $76 $45 $38 $31 $26 $21 $19

Natural Gas Commercial $51 $51 $51 $40 $38 $36 $34 $33 $32
Total Buildings $127 $127 | $127 $85 $76 $67 $60 $54 $51
Industry $17 $17 $17 $17 $17 $17 $17 $17 $18
Residential $77 $77 $77 $53 $48 $42 $37 $32 $29

oil Commercial $13 $13 $13 $7 $6 $5 $4 $4 $3
Total Buildings $89 $89 $89 $60 $54 $48 $41 $35 $32
Industry $0 $0 $0 $0 $0 $0 $0 $0 $0

Source: RMI Vision Model Analysis.
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FUEL SWITCHING SCENARIO
TOTAL RESOURCE CAPITAL COST - FUEL
SWITCHING
Million $2012 | 2012 2017 2022 2027 2032 2037 2042 2047 2050
Residential $- $166 | $157 | $150 | $143 | $136 | $128 | $120 | $116
Electricity Commercial $- $- $- $- $- $- $- $- $-
Total Buildings $- $166 | $157 | $150 | $143 | $136 | $128 | $120 | $116
Industry $- $6 $6 $6 $5 $5 $6 $6 $6
Residential $- $317 | $300 $- $- $- $- $- $-
Natural Gas Commercial $- $194 | $189 $- $- $- $- $- $-
Total Buildings $- $510 | $489 $- $- $- $- $- $-
Industry $- $5 $5 $- $- $- $- $- $-
Source: RMI Vision Model Analysis.
PRESENT VALUE CUMULATIVE COSTS/BENEFITS
EXPANDED EFFICIENCY SCENARIO
2022 CUMULATIVE PRESENT VALUE
COSTS/BENEFITS
Gross
Million $2012 Investment Savings Net Savings
Electricity Buildings $2,850 $6,346 $3,496
Industry $455 $695 $241
Natural Gas Buildings $1,057 $2,964 $1,907
Industry $139 $216 $77
Qil Buildings $741 $3,548 $2,806
Industry $2 $93 $91

Source: RMI Vision Model Analysis.
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FUEL SWITCHING SCENARIO

2022 CUMULATIVE PRESENT VALUE
COSTS/BENEFITS

Gross
Million $2012 Investment Savings Net Savings
Electricity Buildings $1,221 $1,598 $376
Industry $40 $55 $14
Natural Gas Buildings $3,767 $5,503 $1,736
Industry $36 $326 $289
Source: RMI Vision Model Analysis.
EXPANDED EFFICIENCY SCENARIO
2050 CUMULATIVE PRESENT VALUE
COSTS/BENEFITS
Gross
Million $2012 Investment Savings Net Savings
Electricity Buildings $5,951 $23,612 $17,661
Industry $782 $2,359 $1,577
Natural Gas Buildings $1,707 $8,610 $6,903
Industry $286 $835 $549
Oil Buildings $1,196 $9,929 $8,734
Industry $5 $299 $294

Source: RMI Vision Model Analysis.
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FUEL SWITCHING SCENARIO
2050 CUMULATIVE PRESENT VALUE
COSTS/BENEFITS
Gross
Million $2012 Investment Savings Net Savings

Electricity Buildings $2,448 $4,338 $1,890

Industry $88 $182 $93
Natural Gas Buildings $3,767 $7,374 $3,607

Industry $36 $445 $409

Source: RMI Vision Model Analysis.
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INTRODUCTION

In this appendix, we detail the analytical steps behind four key components, specifically:

1 The forecasted thermal generating retirements in Connecticut;

1 The amount of Class | renewable energy required in 2020for Connecticut to meet its Renewable
Portfolio Standard,;

1 The technical potential and levelized costs of renewable resources in the New England region; and

1 The costs and opportunity for cost reductions of solar photovoltaics.

FORECASTING THERMAL GENERATOR RETIREMENTS

New Engl andds current generating fleet is aging. DEEP
natural gas, and coal power capacity and 95% of capacity in Maine, Massachusetts, New Hampshire,
Rhode Island, and Vermont will exceed average ndustry lifetimes by mid -century. The forecasted
operating thermal capacity in Connecticut through 2050 is shown in Figure B-1.
Figure B-1: Forecasted operating thermal capacity in Connecticut
The U.S. Energy Information Administration lists 8,500 MW of thermal (nuclear, gas, coal, and oil) generating
capacity operating today in Connecticut. Assuming industry average lifetimes, nearly all of the nuclear, gas, and coal
capacity will be retired by 2050.
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electrical generators in Connecticut, along with their nameplate capacities (MW), fuel, operational status,

and month and year of initial operation, from which DEEP determined the current age of each plant.

The second key input to this analysis is the asumed retirement age of these plants. As reported in the
trade journal SNL Power Daily , a 2012 Bernstein & Co. report calculated the average retirement ages of
U.S. coalfired, gas-fired (combustion turbines), and oil -fired plants to be 49, 40, and 41 years,
respectively.2 DEEP used these assumed retirement ages for all fossifired power plants. For nuclear
reactors, DEEP used the actual years when their current licenses will expire, (e.g., 2035 and 2045 for
Millstone 2 and 3).3

Using the age of each pant and its expected retirement age (should it follow industry norms), a simple
calculation gives the retirement year of each plant and the forecasted operating capacity in each year
between now and 2050 (when the analysis period ends). However, not all he system operating capacity
will necessarily run in any given year. For example, Connecticut currently has 2,900 MW of oil -fired
capacity | isted as #/860putrganerated ordyl4@8,000MMWhH foom wil -ErédAlants
in 2010.4 This amounts to a fleetwide 2% capacity factor, meaning that the vast majority of these oil-
fired power plants are no longer running on any regular basis. This means that the actual operating

i feti mes of -fediplanes mayibeaxtended beydnd thoseshown in Figure B-1, although
these plants will likely continue to be far underutilized.

CLASS | RENEWABLE ENERGY REQUIRED TO MEET RPS

Connecticut s Renewable Portfolio Standard (RPS),

the percentage of retail sales that must be generated from qualifying renewable resources. The terminal
requirement is a 20% Class | renewable portfolio by 2020, although there are intermediate targets as

well.5

est al

The forecasted annual electricity load for Connecticutin2020i n t hi s Strategyds AExpande

Ef ficiencyd scenario is 30,981 GWh. For more detail s,

the RPS with this load would require 6,196 GWh of Class | generation in 2020.

Because of differing capacity facbors, generating this amount of renewable electricity would require
different nameplate capacities of wind, solar, or other renewables. The 2012 Integrated Resource Plan
(IRP) assumed annual capacity factors of 13% for solar PV, 27.9% for onshore utilityscale wind, and 37%

for offshore wind in Connecticut. ¢ With a 50/50 split between solar PV and wind (and assuming the wind

2Hodgkins, Jay. nRatvier emewt S. LiPkelhy Approaching; | PPs Particularly E

Available at http://http://publicutilities.utah.gov/news/waveofusplantretirementslikelyapproaching.pdf.

% U.S. Nuclear Regulatory Commission. NRC Renews Millstone Nuclear Power Station Operating Licenses for an Additional 20
Years. NRC News no. 05-161. Washington DC: Office of Public Affairs, 2005. Available at http://www.nrc.gov/reading-rm/doc-
collections/news/2005/05-161.html.

‘us. Energy Information Administrat i on ( EI A) , AEXi st i ng Ge n e r86a0t Washingtah®dC:tUS..Edergpat a fr om
Information Administration, 2010.

® Conn. Gen. Stat. §16-245a.

S cConnecticut Department of Energy and Envir on m€onteaticut.dAvadableatt i on, A20:

http://www.ct.gov/deep/lib/deep/energy/irp/2012_irp.pdf.
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is half onshore, half offshore 8 much of which will likely be accessed from outside the state), it would take
1.09 GW of wind and 2.72GW of solar PV to generate 6,196 GWh/year. These figures illustrate technical
potential and are only provided for illustrative purposes. It would be highly unlikely that those levels of
offshore or onshore wind could be sited or financed in the near term. Of course, many other resource

mixes are possible.

POTENTIAL AND COSTSOF NEW ENGL ANEWSBLE RBRNSOURCES
Table B-1 lists the technical potential of renewable resources in the New England region, as well as ranges
of the levelized cost of energy from ech resource with and without existing Federal subsidies.

TECHNICAL POTENTIAL

For all resources listed in Table B-1 (solar, wind, biomass, small hydro, enhanced geothermal), the
technical potential numbers are taken directly from a 2012 study from the Nat ional Renewable Energy
Laboratory (NREL). 7 This report estimated the state-by-state technical potential of these resources, both
on a capacity (GW) and annual energy (GWhl/year) basis.

Technical potential is an estimate of the electricity generation potential of a resource based on the
availability and quality of the resource, technical performance of current systems, and constraints based
on land topography and environmental or other uses. Technical potential does not include economic or
market considerations, such as fuel or technology costs, the impacts of policy, or projected market uptake.
Additionally, in nascent industries such as these, costs are extremely variable.

As an example, the NREL study calculates onshore wind potential by first taking the wind resource in
each state and then removing available sites such as airports, urban areas, wetlands, water, National Park
Service Lands, Fish & Wildlife Lands, Federal Parks/Wilderness/National Monument/Recreation
Area/Wildlife Refuge, and so on. The study also excludes land with a slope greater than 20%, where
construction and maintenance of wind turbines would be challenging. After land exclusions, the study
estimates the technical potential for wind power assuming all remaining available land is d eveloped with
the best available wind turbine technology today.

While the technical potential gives insight into the amount of a resource that is available, it should be
noted that 1) it is very difficult and unlikely that all, or even a large fraction, of the potential could be
developed, and 2) the technical potential of a resource is not fixed in time. For example, better turbine
technology that allows greater efficiency over a range of wind speeds or denser packing of wind turbines
would increase the amount of the wind energy resource that could be captured, and better construction
methods may allow development on lands with up to 30% slope.

For full details on state-by-state technical potential of renewable resources and the embedded
assumptions, see the referenced report.

! Lopez, Anthony, Billy Roberts, Donna Heimiller, Nate Blair, and Gian Porro. U.S. Renewable Energy Technical Potentials: A GIS-
Based Analysis. NREL/TP-6A20-51946. Golden, CO: National Renewable Energy Laboratory, 2012. Available at
http://www.nrel.gov/docs/fy120sti/51946.pdf
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The Strategy also highlights Canadian hydropower (not included in the NREL study) as a potential low-
carbon generation resource. The resource potential of Canadian hydropower is enormous. Hydro Quebec
is currently planning devel opment of 4,500 MW of large -scale hydro projects; much more potential
remains untouched.8 Of course, the vast majority of this resource is inaccessible today due to lack of
transmission connections. There is currently a proposal for a large direct current transmission line that
would bring hydropower from Quebec into New Hampshire. ° This line has a proposed capacity of 1,200
MW, meaning that the maximum energy import into New England from this project would be 1,200 MW

x 8,760 hrly, or 10,512 GWh/y. Of course, additional transmission projects would increase the portion of

Canadian hydropower potential that New England could utilize.

LEVELIZED COSTS OF ENERGY

The levelized cost of energy (LCOE) divides the present value oéll lifetime cash flows (capital cost,
operations and maintenance costs, fuel costs, taxes, and rebates or subsidies) @ generating asset by the
present value of all lifetime electricity generation to arrive at a $/kWh number. 10 LCOEs can be used to
directly compare investments in different technologies, and to compare generation costs against retail or
wholesale electricity rates.

Calculating the LCOE for a given generation asset is straightforward, but requires assumptions around
fuel prices, capital and operation costs, and discount and interest rates. These can introduce large
sensitivities into a projectds LCOE.

The ranges of LCOEs inTable B-1 come from a variety of sources. The assumptions and calculations are

detailed below.

1. Wind, fuel cell, small hydro, and biopower

DEEP used input assumptions from the 2012 IRP, including assumptions for financing, capital co st,
operating lifetime, and operating costs. In addition to these assumptions, DEEP calculated LCOEs for
wind and fuel cells using recent capital cost estimates from Lazard, a U.S. investment bank!! These are
shown below in Table B-1, along with the current value of the Federal production tax credit for these
resources? These incentives are paid to the project developer for all electricity generation from the
project for the first 10 years.

8Hydro Quebec. fADeveloping Quebecds Hydropower Potential.o Accessed

http://hydroforthefuture.com/projets/9/developing-quebec-s-hydropower-potential.

° Federal Energy Regulatory Commission. fOrder Granting Petition for Declaratory Order. FERC Docket no. EL09-20-000. 0

Washington DC: Federal Energy Regulatory Commission, 2009.

10 Calculating the present value of future cash flows requires discounting them using a chosen discount rate. In the same way, we
can discount future electricity generation, because 1 kWh generated in the future is worth less to us today than 1 kWh generated
this year. See the model documentation in NREL, fASystem Advisor M

Yconnecticut Depart ment of Energy and Environmental Protection, fA20:
http://www.ct.gov/deep/lib/deep/energy/irp/2012_irp.pdf.

“North Carolina State University, fDatabase of State Incentives for
Production Tax Credit. 0 Akadabléat modi fi ed May 22, 2012.

http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=US13F&re=1&ee=1.
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TABLE B-1: Input assumptions used in LCOE calculations for renewable energy systems

Lazard IRP
Variabl A I Federal t
Resource Capital Capital Fixed O&M anable nnua ederaltax
o&M capacity credit
Cost cost ($/KW  -y)
($/MWh) factor ($/MWh)
($/kw) ($/kW)
23.6
Onshore wind 1,750 2,498 28.80 - 24%i 35% (production
tax credit)
23.6
Offshore wind 4,050 5,508 159.80 - 37% (production
tax credit)
30% of
capital cost
Fuel cell 5,400 7,081 2.30 35.90 90% )
(investment
tax credit)
11.8
Small hydro 3,151 13.80 - 48% (production
tax credit)
11.8
Biopower 3,954 103.00 5.10 85% (production
tax credit)
Source: Connecticut DEEP, 2012 Integrated Resource Plan,Nor t h Car ol ina State University,
Production Tax Credito; and LaZ%ar d, Levelized Cost Energy An

A 10.8% capital charge ratewas applied for all resources. More information on the financing assumptions

that underpin this capital charge rate is presented in Appendix D of the 2012 IRP.14

2. Solar photovoltaics (PV)

For solar PV, DEEP used capital cost data from real projects installed in Connecticut. These co$ data
were provided by the Clean Energy Finance and Investment Authority (CEFIA).15 Since these installations
were not utility scale, DEEP did not use the financing assumptions from the 2012 IRP. Instead, DEEP

used the National Renewable Energy Laboratoryd s Sy st em Advi sor Model and its d

13 Lazard. Levelized Cost of Energy Analysis i Version 6.0. New York: Lazard, 2012. Available at
http://blog.cleanenergy.org/files/2009/04/lazard2009_levelizedcostofenergy.pdf

14Conno:—:cticutDepartmentofEnergyandEnvironmentaIPr otection, fA2012 Integrated Resource Pl an
http://iwww.ct.gov/deep/lib/deep/energy/irp/2012_irp.pdf.

Bclean Energy Finance and I nvestment Authority. fAPowerClerk Data Ex|
Depart ment of Energy and Environment al Protection. May 14, 2012; and
AOn Site Project Dashboard. o Microsoft Excel file shared with Conn:¢
April 30, 2012.
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calculate the levelized cost of energy for rooftop solar PV. The detailed assumptions fromN R E L System
Advisor M odel (SAM) are discussed in the next section of thisAppendix.

The average LCOE of commerdl rooftop solar PV projects in 2012 is 20.8 ¢/kWh without subsidies and
12.8 ¢/kWh counting the 30% Federal investment tax credit (ITC). The average LCOE of 2012 residential
solar PV projects is 35.8 ¢/kWh without subsidies and 28.2 ¢/kWh with the Federa | ITC. Thus the
Strategy lists the range of installed costs as 17.435.8 ¢/kWh with no subsidies and 9.471 28.2 ¢/kWh with
subsidies (see section below orSolar PV Costs and Opportunities for full details on these calculations,

including our financial assum ptions).

There are very few utility-scale PV projects in Connecticut, and again, cost data are not available for those
that do exist. In 2011 DEEP issued a solicitation for 10 MW of utility -scale solar PV, and accepted two
bids with average all-in costs of 22 ¢/kwWh. DEEP used this cost range for utility -scale PV with subsidies
(because bidding parties included the ITC in their financial calculations before arriving at a bid price), and
inflated this cost to get an estimate of the range of costs without subsidies.

ANALYSIS OF SOLAR PHOTOVOLTAICS COSTS AND OPPORTUNITIES

A standard cost metric in the solar industry is the total installed cost of a project on a $/W basis.
Typically, this is reported for the nameplate direct current electrical capacity, giving it the units $/W -dc.
To make the analysis and recommendations d the Strategy more accessible to a wide audience not
familiar with $/W benchmarks, and to allow for easy comparison to the retail price of electricity and other
generation technologies, all installed costs have been converted tdevelized costs of energy ($/kWh).

OVERVIEW

The primary data source for the solar PV analysis is a dataset of residential and commercial projects in the
Connecticut provided by the Clean Energy Finance and Investment Authority (CEFIA). 16 This dataset
includes all projects that applied for CEFIA incentives between 2001 and the present, with detailed
information for each project, including:

91 Project classification (residential/commercial)

1 Application submittal and approval dates

91 Details (program name and step) and values ($/W) of incentives given

1 Total system cost and incentive amount ($)

1 System size, including capacity direct current and alternating current ratings) and expected
annual production (kWh)

1 Project costbroken down into: modules, inverter(s), monitoring device(s), engineer ing & design,
installation labor, permitting fees, interconnection fees, municipal and utility inspections, and
balance of system. These datawere self-reported by installers, and there is some, unknown,
variation in the way different installers break dow n total cost by components.

18 |bid.
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1 Manufacturer and model details for key hardware components
A similar dataset, without the component cost breakdown , was downloaded from the website of Go Solar
California, Californiads sol araEnegyn@anmigsionandRublidi nat ed by
Utilities Commission. 17

TOOLS
DEEPu s e d N 8AMldcenvert installed $/W -dc costs to $/kWh LCOEs.18 In its calculator for solar
PV systems, SAM has five key modules that are important for this analysis:climate, financing, tax credit

incentives, annual performance, and PV system costs.

1. Climate

Climate is one of the largest factors affecting the LCOE of a solar PV system. Solar insolation varies
dramatically across different regions of the United States. For example, Phoenix, AZ receives an average
of 2,519 kWh/m 2-yr of direct beam insolation, while Anchorage, AK receives only 857 kWh/m2-yr.19 A
system built in Anchorage with exactly the same installed cost, incentives, and financing as a system built
in Phoenix will h ave an LCOE that is roughly three times higher.

In this analysis, we assumed all systems were built in Hartford, CT, which has an averageinsolation value
of 1,178 kWh/mz2-yr .20

2. Financing

Financing can also have a huge impact on the LCOE of a solar PV systemFigure B-2 shows how the
LCOE of a residential system with fixed $/W -dc installation cost varies with the weighted average cost of
capital. At an installed cost of $4/W -dc, for example, the LCOE can vary between $0.25/kWh and
$0.53/kWh as the WACC goesfrom 57 13%, a reasonable range fofinancing residential projects.

Y"Go sSolar cCalifornia. fiCalifornia Solar Statistics. o Awmdessed May 2
®National Renewabl e Energy Laboratory. fiSystem Adv Naianal Model (Ver si
Renewable Energy Laboratory, 2011. Available at https://sam.nrel.gov.

* Ibid.

% Ibid.
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FIGURE B-2: Levelized cost of energy vs. weighted average cost of capital for residential solar PV
systems in Connecticut

The LCOE of electricity generating projects (in this case solar PV) is highly dependent on not only the initial capital
cost, but also the cost of financing the project.
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The strong dependence of the LCOE on the cost of capitaimeans that the LCOEs for solar PV systems

presented in this St raenhaexgchsutaemereyrepiesentdtive oftcypiclpt e r
projects.

To convert installed $/W -dc costs to LCOEs inthis analysis, DEEP used the financial inputs in Table B -3.
Most of these values are themodel defaults used by NREL based on industry standards (for example, a 25
year analysis period/system lifetime). DEEP adjusted the State and sales tax rates to true values in
Connecticut (residential solar PV systems are exempt from sales tax). The assumed interest rate for
residential systems is 7.75%; this is the NREL default value, and is representative ofturrent interest rates
in the new FHA PowerSaver loan for financing residential efficiency or distributed generation projects
(100% debt, 6i 9% cost of capital).2! For commercial systems DEEP used an interest rate of 10.68%,
resulting in a WACC of 7% (consistent with the assumed WACC in the 2012 IRP}®2 The most critical
difference between residential and commercial systems is the inclusion of depreciation in commercial
systems which we assume is handled with5-yr Modified Accelerated Cost Recovery System (MACRS).

Zys. Department of Housing and Urban Development. Federal Housing Administration (FHA): Notice of FHA PowerSaver Home
Energy Retrofit Loan Pilot Program. Docket no. FR-5450-N-03. Washington DC, 2011.

2Zconnecticut Depart ment of Energy and Environmental Protection, HfA20:
http://www.ct.gov/deep/lib/deep/energy/irp/2012_irp.pdf.
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TABLE B-3: Financial assumptions used in $/W to LCOE conversions for solar PV systems

General parameters

Analysis period 25y 25y

Inflation rate 2.50% 2.50%

Real discount rate 5.00% 5.00%
Taxes

Federal tax rate 28.00% 28.00%

State tax 5.00% 9.00%

Sales tax 0.00% 6.35%

Loan parameters

Loan type Standard loan Standard loan

Debt fraction 100% 100%

Loan term 25y 15y

Loan rate 7.75% 10.68%

Depreciation N/A 5y MACRS
Source: NREL, ASystem Advisor Model 0; Tax

Resource Plan.

3. Tax Credit Incentives

Becausefederal and state incentives for solar PV are provided to the customer (or installer) post-

installation, the instal led costof a solar PV system is the sameawith or without counting incentives.

However, the inclusion of federal or state incentives affects the lifetime cash flows, which means it will

affect the levelized cost of electricity from the project. In the Electricity chapter of this Strategy, LCOE

results for solar PV projects are presentedwithout counting state incentives, but counting the Federal

30% ITC.2 The justification for this is that the Federal ITC is a very real piece of the picture one over

which the state has no control, and which is slated to continue at its current levels until at least 2016.

3 North Carolina State Univers i t y .

Tax Credit

(1 TC). o

fiDat abase of

Last

modi fied

St at e

November

Il ncentives

28,

http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=US02F&re=1&ee=1.; and North Carolina State University,
Renewabl es
December 20, 2011. Available at http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=US37F&re=1&ee=1.

fiDat abase

of State

Il ncentives

for

Foundat20l@integrae€@onnecti cut

for Renewables & E
2011. Avail able at
& Efficiency: Federal
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4. Annual Performance, PVWatts Solar Array

Default valueswere left under annual performance: 0.5% system degradation per yea and 100% system

availability. The PVWatts Solar Array module lets the SAM user select various system design and

performance parameters. We chose to model fixed, south facing, 20 degree tilt systems with adirect
current to alternating current derating factor of 0.77 (this includes all inefficiencies including inverter,

line losses, shading, and module mismatch). A local installer confirmed this d er at i ng

default value) to be a reasonable value for systems in Connecticut.

5. PV System Costs

In the PV System Costs module DEEP adjusted the total system cost to $1/W-dc, $2/W -dc, etc., to
calculate the LCOE for a given installation cost with the above climate, financing, incentive, and

performance assumptions.

RESULTS

Given the above inputs and esssumptions in SAM, DEEP calculated the LCOE of residential and

commercial systems in Connecticut ata range ofinstalled costs between $1 10/W -dc. These results are

shown below in Figure B-3.

FIGURE B-3: Levelized cost of energy vs. installed cost for solar PV systems in Connecticut
With all climate, financial, and system assumptions fixed, the LCOE ($/kWh) is an (almost) linear function of the
installed cost ($/W-dc). At the same installed cost, a commercial system has a lower LCOE than a residential system

due to better financing and the inclusion of deprecation.
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The relationship between installed cost and LCOE is nearly linear. Thus, for converting all $/W -dc costs

(from the CEFIA project dataset) to LCOEs,DEEP used the following slopes ,37 4 :

Commercial, no Federal ITC:  0.051
Commercial, with Federal ITC: 0.031
Residential, no Federal ITC: 0.067
Residential, with Federal ITC:  0.053

=A =4 =8 =4

With the above slopes, converting all installed costs in the CEFIA project database was straightforward
and resulted in the LCOE values asdiscussedin the Chapter 3 (Electricity ). These values can then be
compared directly against the retail rates for electricity in the residential and ¢ ommercial sectors, and
against LCOEs for other generation technologies, many of which do include fuel or other lifetime
operating costs. They cannot be compared against solar PV directlyon a capital cost basis

To create the waterfall chart showing the opportunity available for cost reductions in residential so lar PV
in Connecticut (Figure 7 of Chapter 3 (Electricity) ), DEEP used the component cost breakdowns included
in the CEFIA project dataset along with the $/W to LCOE multipliers listed above. TableB-4 shows the
numeric results presented in Figure 7.
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TABLE B-4: Opportunity for cost reductions in residential solar PV in Connecticut
This table presents the numeric data behind Figure 7 in the Chapter 3 (Electricity).

Average total system cost (CT) $5.24 $0.354 $0.353
Average total system cost (Germany) $2.24 $0.151 $0.119
Total system cost with best quartile component costs (CT) $3.07 $0.207 $0.163
Total system cost with best decile component costs (CT) $2.31 $0.156 $0.123
Hardware
Module i average $2.23 $0.150 $0.118
Module i best quartile $1.50 $0.101 $0.080
Module i best decile $1.30 $0.088 $0.069
Inverters i average $0.69 $0.047 $0.037
Inverters i best quartile $0.50 $0.034 $0.027
Inverters i best decile $0.41 $0.028 $0.022
Monitoring device i average $0.11 $0.007 $0.006
Monitoring device T best quartile $0.07 $0.005 $0.004
Monitoring device i best decile $0.05 $0.003 $0.003

Design & Installation

Eng. & Designi average $0.16 $0.011 $0.008
Eng. & Design i best quartile $0.06 $0.004 $0.003
Eng. & Design i best decile $0.03 $0.002 $0.002
Installation labor i average $0.91 $0.061 $0.048
Installation labor 7 best quartile $0.50 $0.034 $0.027
Installation labor T best decile $0.32 $0.022 $0.017

Permitting & Interconnection

Pmt & | ntwregef ees $0.12 $0.008 $0.006
Pmt & | n bestqualtie e s $0.06 $0.004 $0.003
Pmt & | i bedtaecifee e s $0.03 $0.002 $0.002
Inspection fees i average $0.04 $0.003 $0.002
Inspection fees i best quartile $0.00 - -
Inspection fees i best decile $0.00 - -

Balance of system

BOS i average $0.98 $0.066 $0.052

BOS i best quartile $0.39 $0.026 $0.021

BOS i best decile $0.17 $0.011 $0.009
Anal ysis based on data from CEFI A, AfPower Cl er k Data Exporto;
iGer many Solar Installations. 0
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INTRODUCTION

Chapter 4 (Natural Gas) discusses the economics and emissions reductions for conversion from fuel oil to
natural gas. This Appendix provides the methodology and inputs that underpin the numbers in the

Chapter. This Appendix covers the following topics:

1 Net Present Value(NPV) of conversion
1 Economic sensitivity of conversion

1 Financing options

NET PRESENT VALUE OF CONVERSION

To calculate the NPV, DEEP took five steps:

Define the heating load for fuel oil and natural gas;
Calculate oil and natural gas expendtures for the heating load;
Identify cost of conversion from oil to natural gas ;

Determine number of eligible customers; and

o > 0N PE

Calculate NPV of conversion for eligible customers.

1) DEFINE THE HEATING LOAD

Savings from fuel switching will depend on the amount of fuel oil that the customer currently uses.
Representative fuel oil use for an average, converting customer in each sector is shown in the first column
of Table G1. These numbers were taken primarly from a report produced by the Department of
Economic and Community Development (DECD) in in conjunction with the Connecticut Local

Distribution Companies. 5°© These numbers are very similar to heating load estimates calculated from U.S.

Energy Information Administration data. 5t

As shown in Table G1, heating load also depends on the efficiency of heating equipment. DEEP assumed
80% efficiency for the current fuel oil boiler/furnace stock. However, DEEP also assumed that when

customers convert to natural gas, they invest in new, high efficiency heating equipment (93%). As a result,
heating load is reduced in conjunction with the conversion to natural gas due to the increased efficiency of

the new heating equipment. The assumption that converting customers will invest in high efficiency

%0 Connecticut Department of Economic and Community Development. The Economic Impact of Expanding Natural Gas Use in
Connecticut. By Stanley McMillen and Nandika Prakash. Hartford, CT, 2011. Available at
http://www.ct.gov/deep/lib/deep/energy/decd_nat_gas.pdf.

51 Navigant Consulting, "EIA-Technology Forecast Updates-Residential and Commercial Building Technologies." Available at
http://wpui.wisc.edu/news/EIA%20Posts/EIA%20Reference%20Case%2009-2007%20Second%20Edition%20Final.pdf.
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equipment is consistent with in the DECD report. 52 DEEP believes this assumption is valid because
converting to a higher efficiency furnace provides the customer a higher return from conversion (i.e.,

higher NPV), and for a financed conversion, lower cost starting from day one.53

TABLE C-1: Heating load for fuel oil and natural gas by sector

Residential 77 96 83
Commercial 138 173 149
Industrial 933 1166 1003

Source: Connecticut Department of Economic and Community Development, Expanding Natural Gas.

2) CALCULATE OIL AND NATURAL GAS EXPENDITURES FOR THE HEATING LOAD
Fuel expenditures are calculated by multiplying the heating load for a customer by the fuel price for the
(heating) fuel that is being used.

For estimating base-case fuelprices for the various fuel options & most notably natural gas and fuel oil &

DEEP used fuel price projections fromthe U. S . Energy I nformati oAmnudddmi ni strati
Energy Outlook (AEO). 54 DEEP used the AEOreference case and in particular the supplemental tables

for the New England region. Several other fuel price scenarioshave been examined in addition to the AEO

reference case. These scenarios are described under t |
below.
Savings from conversion/fuel switching are determined |

before and after conversion, and depend on both the fuel price and the heating load before and after

conversion.

3) IDENTIFY COST OF CONVERSION FROM OIL TO NATURAL GAS

The total cost for conversion includes three main components: heating equipment replacement; service
and meter; and estimated natural gas main extension. Conversion costs are summarized in Table € and
are described in detail below.55 They vary (or are unnecessary/avoided) depending on sector, if the
customer already has gas service, and if notwhether the customer is on-main (defined as within 150 feet
of an existing gas main) or off-main (further than 150 feet).

°2 Connecticut Department of Economic and Community Development. The Economic Impact of Expanding Natural Gas Use in
Connecticut. By Stanley McMillen and Nandika Prakash. Hartford, CT, 2011. Available at
http://www.ct.gov/deep/lib/deep/energy/decd_nat_gas.pdf; and Navigant Consulting, "EIA-Technology Forecast Updates-
Residential and Commercial Building Technologies." Available at
http://wpui.wisc.edu/news/EIA%20Posts/EIA%20Reference%20Case%2009-2007%20Second%20Edition%20Final.pdf.

53Usingequipmentcostnumber s from Navigant, fATechnol ogy Forecast Updates. 0 Avail
http://wpui.wisc.edu/news/EIA%20Posts/EIA%20Reference%20Case%2009-2007%20Second%20Edition%20Final.pdf.

*U.S. Ener gy | nf or mannuabBmergyk Gutiook202tf ® aAVv ainl, alil e at
http://www.eia.gov/forecasts/aeo/pdf/0383(2012).pdf.

%5 Total resource cost (TRC) is the required investment for an energy measure from all involved parties/stakeholders 8 in this case,
the conversion cost to the customer plus the service and meter investment by the local distribution company. The TRC is one of
three measures used by Connecticut utilities for their conservation programs.

C-2
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TABLE C-2:

Conversion cost summary by customer segment and sector

Home Heating

Service Line and

Segment Conversion Conversions Total Cost (HHC) Meter Cost [SLM) Conversions Total Cost (SLM) Main Extension
Costs (HHC)
QOn-main
Low 5 7,500 38,000 5 282,500,000
Residential % 7,500 160,852 g 1,206,390,000 S 4,283 180,852 g 528,929,116 & 7,208
Commercial  § 20,300 15,585 § 316,375,500 | § 7,669 15585 g 119,521,365 | § 12,870
Industrial g 40,600 569 g 23,101,400 § 11,504 569 g 5545492 5 87,375
$ 1,838,366,900 s 814,995,973 £ 107,553
Off-main
Residential | 5 7,500 51,506 5 385,295,000 3 47283 51,506 § 220,600,198 3 371,255 240
Commercial = & 20,300 37333 5 757,859,900 35 7,669 3733 g 285,306,777 3 434 209,010
Industrial 5 40,600 430 5 17 458,000 | § 11,504 430 g 4946505  § 37,571,250
] 1,161,612,900 $ 511,853,480 § 893,035,500
HHC costs Distribution Costs Total
Total On-main Cost $  1,838386900.00 S 814,995,973 3 2,853,352,873
Total Off-main Cost §  1,181,612,800.00 S 1,404 238980 3 2,585 501,880
$ 2,999,979,300.00 S5  2,219,384,953 § 5,218,864,753

* Mot contemplated as part of the DECD study, or Department adjusted.

Source: Connecticut Department of Economic and Community Development, Expanding Natural Gas.

Heating equipment replacement

Heating equipment replacement cost includes the following: removal and disposal of old heating

equipment including fuel oil tank; purchase of new heating equipment (including a furnace or boiler a nd

hot water heater) and labor and installation. These numbers were taken from the DECD report, but are

consistent with costs provided by EIA.56 For residential conversions, DEEP has also verified costs by

asking for quotes from local installers (Table C-3). With the exception of firm B, the costs are roughly

consistent.

TABLE C-3: Typical costs of oil-to-natural gas heating system conversions for residential

customers*

*Based on a sample of Connecticut-based contractors
**high end of range is the cost of a high efficiency installation

A East Hartford, CT $6-12K**
B South Windsor, CT $3-5K

C Plainfield, CT $5-10K
D Stonington, CT $5-8K**
E Bridgeport, CT $6-10K

Source: Telephone Interviews with Connecticut based installers, June 2012.

%6 Connecticut Department of Economic and Community Development. The Economic Impact of Expanding Natural Gas Use in
Connecticut. By Stanley McMillen and Nandika Prakash. Hartford, CT, 2011. Available at
http://www.ct.gov/deep/lib/deep/energy/decd_nat_gas.pdf; and Navigant Consulting, "EIA-Technology Forecast Updates-
Residential and Commercial Building Technologies." Available at
http://wpui.wisc.edu/news/EIA%20Posts/EIA%20Reference%20Case%2009-2007%20Second%20Edition%20Final.pdf.
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4) CALCULATE NET PRESENT VALUE (NPV) FOR ELIGIBLE CUSTOMERS

NPV was calculated for a single customer conversion in each sector and segment, assuming conversion
costs are incurred in year 0 and netting them out against 20 years of discounted fuel savings (oil
expenditures minus natural gas expenditures). DEEP used a real 5% discount rate to bring fuel savings to
present value. The selection of this discount rate is explained in Appendix A (Efficiency & Industry).
Sensitivity was also examined for a lower (3%) real discount rate (Table C-5). NPV for an individual
conversion in each sector is shown in Table 5. Multiplying by the number of conversions in each segment
gives the NPV for each segment.

TABLE C-4: Summary of net present value (NPV) analysis

On-main
Non-heat 39,000 $22,324 $14,824 $78,136,000
Residential 160,851 $22,324 $10,541 $1,695,587,131
Commercial 15,585 $40,020 $12,051 $187,820,229
Industrial 569 $304,727 $252,624 $143,742,894
Off-main
Residential 51,506 $22,324 $3,333 $171,654,801
Commercial 37,333 $40,020 $(919) $(34,317,009)
Industrial 430 $304,727 $165,248 $71,056,674

Source: Connecticut Department of Economic and Community Development, Expanding Natural Gas.

For the purpose of the NPV analysis for the base scenario, DEEP evaluated the opportunity as if all
conversions were made at once, instead of phasing the conversions over the test pérd. The effects of a
phased natural gas conversion can be seen in the Chapter 1 (Efficiency) and Chapter 2 (Industry). These
Chapters include a phased approach so that the natural gas opportunity is presented in a way consistent
with what is used to show the effects of efficiency.

ECONOMIC SENSITIVITY OF CONVERSION

Chapter 4 (Natural Gas) discusses how much the NPV of conversion to natural gas changes across three
scenarios. These scenarios are higher natural gas prices, reduced heating load due to buling envelope
energy efficiency, and the combined effect of higher prices and building envelope efficiency. In addition
to these scenarios, several others were examined, including lower oil prices, and the results are
highlighted in Table C-5.



2013 Connecticut Comprehensive Energy Strategy
Appendix C: Natural Gas Sector Strategy Analysis

TABLE C-5: Results of sensitivity analysis by segment

Scenario Sensitivity Segment A Segment B
Change NPV Change NPV
Base: Uses AEO fiReference casebo None None $2.620 None $208

Base | England region.”’

High gas price:UsesiLow recovery per
2011 AEO. Applies % changes in prices from 20127 2035 to
the AEO 2012 early release | Medium -11% | $2,335 | -73% $56
in this scenario is very close to that of the EIA high/rapid
liquefied natural gas export scenario.>

Low gas price: UsesiiHi gh recovery per
2011 AEO. Applies percentage changes in prices from 20127

2035 projection to the AEO 2 Medium 9% $2,846 58% $329
caseo.

Fuel . S Sy . . N

rice™ H|gh0|lpr|_ce.Uses nHI g_h ol I priceo ] . .

P 2011. Applies percentage changes in prices from 2012i 2035 | Very high 135% | $6,165 | 876% $2,034
projection to the AEO 2012 e
Low oil price:Uses #ALow oil priceo ¢
Applies percentage changes in prices from 20127 2035 Very high -122% ($567) -778% | ($1,412)

projection to the AEO 2012 e

Today's prices: Uses current price differential between
natural gas and oil (see Table 7 for prices) and holds Medium 16% $3,026 228% $684
differential constant in from 20127 2035. Applies differential in

prices to the AEO 2012 &early

Natural Gas Efficiency: Assumes lower heating loads are
available for conversion because of efficiency investment
(20% natural gas demand reduction in residential sector, 15%
in commercial and industrial, not including furnace efficiency).
Efficiency + High NG price: Combi nes the AN
efficiencyo and the AHigh ga High -45% $1,443 | -277% ($370)
sensitivity if both scenarios occur.

Stock turnover: Uses lower heating equipment replacement
) capital costs for residential sector. Assumes customer is
MisC. | making a decision between new efficient oil furnace and
efficient natural gas furnace, this results in a lower
incremental capital cost (capital cost=new gas furnace minus
new oil furnace). It also results in lower savings potential
because the baseline is a new oil furnace (89% efficient)
rather than an existing furnace (80% efficient).60

Uptake rate: Uses 15% lower customer adoption, assumes
fixed main extension costs.

Discount rate: Uses 3% discount rate instead of 5%. Medium 38% $3,616 260% $747

High -36% | $1,673 | -217% | ($243)

Medium 13% $2,961 N/A N/A

Medium -15% $2,227 -719% $43

Source: RMI Analysis.

*U.S. Ener gy I nformation Administration State Energy Data System,
http://mww.eia.gov/forecasts/aeo/pdf/0383(2012).pdf.

%8 See Table C-7 for more information on Residential Fuel Price Scenarios.

¥us. Energy Information Administration, fEffect of Increased Natural Gas Exports on Domestic Energy Markets, 6 January 2012.
Available at http://www.eia.gov/analysis/requests/fe/pdf/fe_Ing.pdf.

%9 The avoided cost for heating equipment replacement is $2,500 for an oil furnace/boiler and $1,500 for a water heater (Navigant,
ATechnol ogy F o.0Available at http:fiwgha. wise.edu/news/EIA%20Posts/EIA%20Reference%20Case%2009-
2007%20Second%20Edition%20Final.pdf). Equipment lifetime is assumed to be 25 years for furnace/boiler and 15 years for a water
heater. DEEP assumes a 10 year conversion timeframe and 10 out of 25 conversions can be timed perfectly to avoid the full cost of
boiler/furnace replacement. For the remaining units, the avoided cost of replacement was discounted back to the time of conversion
from the anticipated year of replacement (107 25 years).

C-5
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TABLE C-6: Connecticut delivered fuel prices in July 2012

Source: u. S.

Residential $14.51 $30.63

Commercial $7.50 $29.63
Industrial $7.96 $29.63
EI A, ANatur al Gas Priceso;

Table C-7: Residential Fuel Price Scenarios

Residential Fuel Price Scenarios

and

. S. EI A,

S60
. /
High Price Scenari

$40
S 0 Base Case Fuel Oil Price Projection
=

$20 Low Price Scenario ==

e —
Natural Gas Price Projections
510
8-
2010 2015 2020 2025 2030 2035
Source: U.S. EIA, fAAnn%al Energy Outlook 2012. 0

FINANCING

The upfront cost that a customer must pay to convert is one of the most significant barriers for increasing

conversion rates. For customers in Segment A, this cost is driven almost entirely by the cost of heating

equipment replacement.

For customers in Segment B, the customer will also contribute towards the cost of the main extension. As

described in the chapter, Connecticut gas companies can cover the cost of a service line, meter, and main

extension up to the NPV of 15 or 20 years of revenue from sas to the new customer(s). Service, meter,

and main extension costs in excess of this amount must be paid by the customer in a ondime, upfront

®1 U.S. Energy Information Administration,
http://www.eia.gov/forecasts/aeo/pdf/0383(2012).pdf
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payment called a contribution in aid of construction (CIAC). The maximum amount that can be covered
by the gas companies without a CIAC for a typical load in each sector is given in in Table 2 in Chapter 4
(Natural Gas). The upfront cost to the customer is heating equipment replacement cost, plus service,
meter, and main extension costs in excess of the amounts Bown in Table 2 in Chapter 4(Natural Gas).

For an initial evaluation of the potential for financing to overcome the upfront cost barrier, it was

assumed that this entire amount would be financed over a 10-year period at rates ranging from 0-12%.

The required loan payment was then calculated using the Microsoft Excel PMT function for each segment

and sector. The payment is then compared to the average fuel bill savings for the customer over the first

10 years after conversion. The netimpact of theloanp ay ment and the customerds annu
given in the financing tables shown in the chapter for each segment and for the range of interest rates.

For calculating a rough estimate of the incentive required to drive conversion in Segment B, it was

assumed that a customer would not convert unless the net effect of the fuel bill savings and the loan

payment would be equivalent to a 10% reduction to the
The difference between the actual and the amount or 10% savings was taken as an estimate of the

required extra incentive to drive conversion in that segment and sector.
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INTRODUCTION

This technical appendix for Chapter 5 includes the following background data:
1 Connecticut Registered Vehicles by Class
1 Connecticut Registered Vehicles by Fuel Type
1 Assumptions for Compressed Natural Gas Light-Duty Passenger Vehicle Net Present Value
Calculations
1 Background to Detailed Analysis for Long-Term Vision
1 Technical Assumptions for Long-Term Vision
1 Summary Table of Alternative Revenue Sources for the State of Connecticut

CONNECTICUT REGISTERED VEHICLES BY CLASS

TABLE D-1: Connecticut Registered Vehicles by Class, 2011

Number of 2011 Rough Estimate
Vehicle | _ Technical Description (GVWR = gross : d 2011 Passenger
Class RSt PEeB el vehicle weight rating) REGSIEE Vehicle
Vehicles in Class )
Population CT
HDBS School buses School Buses 7,219
HDBT Transit/urban buses Transit/urban buses 2,209
. Class 2b Heavy-Duty Vehicles (8501-
HDV2B vléa;lrsgzr?é)?nTslrcgglx 10,000 Ibs. GVWR) 88,440 88,440
HDV3 trucks Class 3 Heavy-Duty Vehicles (10,001- 26.282
14,000 Ibs. GVWR) '
Class 4 Heavy-Duty Vehicles (14,001-
HDv4 16,000 Ibs. GVWR) 9,267
Class 5 Heavy-Duty Vehicles (16,001-
19500 s, GYWR)
HDV6 axle trucks Class 6 Heavy-Duty Vehicles (19,501- 8411
26,000 Ibs. GVWR) '
Class 7 Heavy-Duty Vehicles (26,001-
HDV7 33,000 Ibs. GVWR) 7,253
Large multi-axle Class 8a Heavy-Duty Vehicles
HDV8a | ort & long-haul (33,001-60,000 Ibs. GVWR) 5184
trucks (e.g. tractor- Class 8a Heavy-Duty Vehicles
HDV8b trailer rigs) (33,001-60,000 Ibs. GVWR) 9,655
Small/medium pick- Light-Duty Trucks 1&2 (0-6,000 Ibs.
LDT2 ups & SUVS GVWR) 770,468 770,468
Medium/large pick- Light-Duty Trucks 3 (6,001-8,500 Ibs.

LDT4 ups & SUVs GVWR) 270,077 270,077
LDV Cars Light-Duty Vehicles (Passenger Cars) 1,486,706 1,486,706
MC Motorcycles Motorcycles 95,371 95,371
Total 2,792,516 2,738,173

Source: Connecticut Department of Motor Vehicles response to DEEP data request (June 29, 2012).
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CONNECTICUT REGISTERED VEHICLES BY FUEL TYPE

TABLE D-2: Connecticut Registered Vehicles by Fuel Type, 2012
Fuel types of vehicles registered in Connecticut in 2012 (i B | anulikates that a customer did not fill in the fuel typeand i Un k n o wn o
indicates that fuel type information could not be read/determined on registration application.)

Electric 92
Flexible 31,439
Ethanol 60
Methanol 7
Compressed natural gas 451
Compressed natural gas l/e 8500 wt 128
Propane 96
Hybrid gas/electric 7,292
Convertible 804
Diesel 92,543
Gasoline 2,765,316
Liquefied gas 39
Blank 253,154
Other 0
Kerosene 0
Unknown 15,911
Total records read 4,838,246
Total records listed 3,167,204

Source: Connecticut Department of Motor Vehicles response to DEEP data request (September 28, 2012).

D-9
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ASSUMPTIONS FOR COMPRESSED NATURAL GAS LIGHT-DUTY PASSENGER
VEHICLE NET PRESENT VALUE CALCULATIONS

The assumptions used for the payback calculations for the compressed natural gas (CNG) lightduty vehicle
shown in Table 13 in Chapter 5 (Transportation) are detailed below. The assumptions were provided by
Northeast States for Coordinated Air Use Management (NESCAUM).

Fuel Economy: (in miles per gallon equivalent): 23 (from U.S. Energy Information Administration,
AAnnNnual Energy Outlook 20110 (AEO 2011))

Lifetime: 12 years
Incremental Vehicle Cost: $8,000 (AEO 2011)
Fuel Prices: AEO 2011 High Qili price of natural gas for transportation sector in New England

AEOG6s 2011 fuel p r $1&galloroof gasegsvalent (withoutGthit&taxes); Gasoline:
$4.47/gallon

Vehicle Miles Traveled: 12,000 miles, derived from VISION NE Transportation Fleet Model and assumed to
be the same as a comparable gasoline internal combustion engine vehicle

Infrastructure Costs: $0.26/gallon of gasoline equivalent (NESCAUM analysis of DOE/Clean Cities
infrastructure costs and other northeastern estimates)

Discount Rate: 5%

BACKGROUND TO DETAILED ANALYSIS FOR LONG-TERM VISION
NESCAUM performed modeling and analysis to support the long-term vision proposed in Chapter 5

(Transportation). The information below provides the background and supporting data for this analysis.

FIGURE D-1: Net present value (NPV) of battery electric and plug-in hybrid electric vehicles in 2030

Net present value (NPV) of battery electric and plug-in
hybrid electric vehicle scenario, 2030

$100 -

$80

$60 -

$40

$20

net benefit

$0 - , I

million 2012%

-$20 -

_$4O 4

~$60 - batteryq\electric

-$80
vehicle purchases fuel charging & fueling total
infrastructure

Source: NESCAUM analysis using the EPA Motor Vehicle Emission Simulator (MOVES) model and post-processing tools
In addition to high fuel economy gasoline vehicles, some alternative fuel vehicles also provide economic
benefits over the vehicle |ifetime. Connecticut 6s
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program already commits automobile manufacturers to introduce battery electric and plug -in hybrid

electric vehicles in the state, but exceeding those commitments by another 1.8% of sales by 2020 would

produce $61 million in fuel s a v ibengfis of $6 wn#lion aftehaecountdp i c | e s 6
for the increased purchase price of these vehiclesFigure D-1 shows that increased use of battery electric

and plug-in hybrid vehicles comes with relatively large upfront costs, but these are outweighed by fuel

savings over the vehicle lifetime.52 The challenge, however, is that these vehicles cost at least $10,000 more

eachthan comparable conventional vehicles. The payback of this upfront investment appears to be longer

than the 1-4 year payback period a typical corsumer expects when purchasing a new vehicle, as show in

Table 13of Chapter 5 (Transportation) . Without incentives, adoption of electric vehicles will proceed at a

relatively slow pace until pricing becomes more competitive and other consumer concerns suchas range

anxiety and safety have been more fully addressed.

Similarly, the payback for compressed natural gas fleet vehicles, using a high oil price scenario, is shown in
Figure D-2 below and Figure 14 of Chapter 5 (Transportation). Refuse truck fleets have the quickest payback
and pilot projects to convert such fleets should be a priority.

FIGURE D-2: Projected payback periods (in years) for 2013 model year compressed natural gas
(CNG) fleets given a high oil price scenario

Projected payback periods of 2013 model year CNG fleets,
high oil prices

12

10

years
P

N

short-haul trucks: CNG transit busses: CNG refuse trucks: CNG n fuel
1

and reducing reliance on oil. A combined strategy that incorporates high efficiency, plug-in hybrid, battery
electric, combined natural gas, and fuel cell vehicles would result in these technologies comprising nearly
half the Connecticut passenger vehicle fleet by 2050.

Table D-2 below provides the assumptions for the penetration of high fuel and alternative fuel vehicles used

to create the long-term vision scenario as depicted in Figure 14 in Chapter 5 (Transportation).

%2 Neither Figure 13 nor 14 in Chapter 5 (Transportation) include the $7,500 federal rebate in their analyses. Inclusion of
this rebate could make these vehicles more economically attractive.
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TABLE D-2: Assumptions for passenger fleet mix penetration by 2030 and 2050

High Fuel Economy Sales Share 10.0% 10.0%
Electric Vehicle Sales Share 10.7% 10.7%
Plug-In Hybrid Sales Share 12.0% 12.0%
Compressed Natural Gas Sales Share 10.0% 0.0%
Fuel Cell Vehicle Sales Share 6.0% 20.0%

Source: NESCAUM, scenario assumptions.

As part of the analyses used to calculate the findings and projections presented in Chapter 5
(Transportation), several scenarios were developed and analyzed to understand how vehicle technology
breakthroughs and increased penetration of alternatively fueled vehicles can help to achieve significant
emission and fuel consumption reductions. In addition to the alternative fuel and advanced technology
vehicles discussed previously, Table D3 shows adlitional assumptions used to analyze an aggressive set of

policy measures that could transform the Connecticut transportation sector by 2050.

Table D-3: Technology and policy assumptions foranfi a g g r e s\gsion scénario

This scenario reflects a lower level of EV penetration was assumed that reflects full compliance with the ZEV mandate, but no
additional programs to incent the sale of EVs.

Light Duty High Efficiency Sales Share 10.0% 10.0%
Light Duty Electric Vehicle Sales Share 10.7% 10.7%
Light Duty Cg;rllgéeSSﬁ:geNatural Gas 10.0% 0.0%
Light Duty Fuel Cell Vehicle Sales Share 6.0% 20.0%
Transit Bus CNG Sales Share 66.7% 80.0%
Refuse Truck CNG Sales Share 66.7% 80.0%
School Bus CNG Sales Share 66.7% 80.0%
Short Haul CNG Sales Share 50.0% 66.7%

Source: NESCAUM, scenario assumptions for Passenger Fleet mix penetration by 2030 and 2050.
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TECHNICAL

Subject

Vehicle Characteristics
and Use

Category

Fuel Efficiency

Subcategory
(if Applicable)

LDVs: all expect High Fuel
Economy ICEs

Source Name

EPA MOVES2010b Model &
EPA-NHTSA CAFE Final Rule

Source Citation Information

U.5. EPA. Modeling and Inventories.
MOVES 2010b (Motor Vehicle Emission
Simulater). Available at:
http://www.epa.gov/otag/models/mov
esfindex.htm

Mational Highway Traffic Safety
Administration. NHT5A AND EPA
ESTABLISH NEW MATIONAL PROGRAM
TO IMPROVE FUEL ECONOMY AND
REDUCE GREENHOUSE GAS EMISSIONS
FOR PASSENGER CARS AND LIGHT
TRUCKS.
http://www.nhtsa.gov/staticfiles/rulem
aking/pdf/cafe/CAFE-
GHG_Fact_Sheet.pdf

ASSUMPTIONS

Notes on Assumptions and Methodology

LDV: High Fuel Economy

EPA 2012 Fuel Economy

U.5. Department of Energy: Energy
Efficiency & Renewable Energy. EPA
2012 Fuel Economy Datafile. 2012
FEGuide for DOE-revl-rel dates before

The high fuel economy ICE vehicle representation is a composite
developed based upon efficiency and cost data. In each class, we
identified four vehicles which exhibited both high fuel economy

and relatively low-cost {relative to its class average). For 2013,
the efficiencies of these high fuel economy low-cost vehicles

ICEs Datafile 3-13-2012-no-sales-3-7-2012public3-
70xlsx Available at: P were averaged to find an average MPG for the represented
’ ) classes, |t was assumed that following 2013, the fuel economy of

http://www fueleconomy.gov/feg/epad ) o

. these wehicles will increase at the same rate as the average
ata/l2data.zip )

standard gasoline ICE.
U5 EPA. Modeling and Inventories.
MOVES (Motor Vehicle Emission
HDVs: all EPA MOWVES2010b Model [Simulater). Available at:

http://www.epa.gov/otag/models/mov
esfindex.htm

On-Road Degradation
Factors

LDVs: all expect High Fuel
Economy ICEs

VIZION model

Argonne National Laboratory, 2011,
VISION Model. Available at

http://www transportation.an|.gov/mod|
eling_simulation/VISION/index.htm|
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